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　　At the present age of mass production and the heavy consumption, waste problems are 
as serious as resource problems. Especially, in the case of industrial waste which is exhausted 
by enterprises, it costs to manage enormously for huge amount, and illegal dumping doesn’
t stop. Such industrial waste is naturally dumped to the place that doesn’t attract public 
attention such as mountainous district, and it takes a long time from the beginning of dumping 
to discover the site. Therefore, scales of illegal dumping site have been growing by fearing the 
environmental influence when it was discovered. Moreover, the discovery of illegal dumping 
is not necessarily efficient under the present situation because it costs human resources as a 
steady patrol by municipality and the selection of inspection targets relies on information from 
residents.
　　Accordingly in this research, it is aimed to develop early detection method for undiscovered 
industrial waste illegal dumping site using satellite remote sensing which is able to analyze 
environmental information over very wide area continuously.
　　I would like to write down the summary of results given in this research as follows.
　　1. Environmental analysis of industrial waste illegal dumping site using satellite remote
　　sensing
　　It is necessary to understand characteristics of industrial waste illegal dumping site for 
development of early detection method. Therefore, I clarified difference between industrial 
waste illegal dumping site and its surroundings by environmental analysis using satellite remote 
sensing. Satellites and sensors used in this research is as follows: MODIS which equipped 
on Terra/Aqua which are NASA(U.S.A.)’s earth observing satellite, ASTER DEM which is 
equipped on Terra, SPOT which is CNES(France)’s satellite, and ALOS which is Japanese 
satellite. MODIS was received directly and other data were bought and analyzed. MODIS was 
used to spectrum analysis, vegetation analysis, land surface analysis, and heat capacity analysis. 
SPOT and ALOS were used to vegetation analysis and ASTER DEM was used to geographical 
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analysis. 15 large scale illegal dumping sites of the scale that exceeded 100,000t were selected, 
and used as targets of analysis.
　　As a vegetation analysis, NDVI(Normalized Difference Vegetation Index) which is calculated 
by using the absorption of red band and strong reflection of near infrared band that originates 
in the structure of the plant was used to analyze. As a result of analysis, the tendency that 
remarkably low NDVI was seen at 12 industrial waste illegal dumping sites compared with 
surroundings. This is thought that it is because the forest is deforested to dump waste or 
difference of the soil causes the change of growth and kind of plant.
　　As a land surface temperature analysis, temperature difference between the site and its 
surroundings calculated by Planck equation using spectrum distribution given by MODIS was 
investigated. As a result, land surface temperature of six illegal dumping sites was higher than 
surroundings. Kind of waste of their site is fermentative and ignitable, and it is thought that 
they have caused temperature difference by biological or chemical change.
　　As a heat capacity analysis, heat capacity was calculated by the ratio of absorbed energy to 
land surface temperature difference between day and night, and heat capacity ratio of the site 
to surroundings was investigated. In this analysis, the tendency of difference from surroundings 
was seen at 14 sites. It is thought that this difference was caused by the different materials 
on and under the soil in the site from surroundings because heat capacity is different by each 
material
　　As a geographical analysis, peculiar geographical features to industrial waste illegal dumping 
site like cliffs were analyzed and investigated using DEM. As result, the case that fulfilled the 
feature such as cliffs was few. This is thought that it is because area of illegal dumping site was 
large and flat.
　　As a result of spectrum analysis, characteristics were seen at 10 sites. In these case, waste 
was piled up out in the open or management had been started. In these case, waste was piled 
up out in the open or management had been started. However, characteristics of site which was 
covered with soil and not started managements were not able to analyze.
　　2. The tendency of illegal dumping site
　　Environmental characteristics on the industrial waste illegal disposal site were shown by 
above-mentioned various analytical methods. Moreover, it was clarified to be able to specify the 
place with possibility of illegal dumping site from this information. However, each result is not 
necessarily caused by only waste. For example of the case of land surface temperature, there 
may be hot spring under the ground. Geographical factor may cause a vegetation change, and 
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vein and ground water can show different heat capacity from surroundings. Therefore, it cannot 
be concluded as illegal dumping site from only unexpected value.
　　3. Construction and verification of early detection method
　　In consideration of the above-mentioned result, I designed the method of detecting as a 
place with the possibility of illegal dumping site by two or more characteristics of environmental 
analyses such as heat capacity, vegetation, land surface temperature and spectrum. In four 
analyses, the analysis of characteristics which can fulfill almost all industrial waste illegal 
dumping sites is heat capacity analysis. In illegal dumping site, at least there are different 
materials from surroundings on or under the soil, and the possibility that the change of heat 
capacity caused by them is high. Therefore, early detection method is based on heat capacity 
analysis, and possibility is investigated by combining other analytical result. Incidentally, each 
analytical result was normalized to the value from 0 to 1 to use as evaluation value.
　　For the evaluation of developed early detection method, detection experiment was 
conducted by applying the method to 3-6 points in the area where includes some known illegal 
dumping site. For the comparison, another area where does not contains illegal dumping site 
were used to the experiment. detection experiment was conducted by applying the method to 
3-6 points in the area where includes illegal dumping site and some other area without it. On the 
other hand, in the case of the area without dumping sites, all of them were judged that thses 
area does not contains illegal dumping site. As a result, all of 15 sites were detected as high 
possibility site. In five cases, another point was detected, but only one point other than the site.
　　According to this result, it was clarified that existence and posiibility of illegal dumping site 
in a certain area is possible to be detected by the developed early detection method. The illegal 
dumping site can be specified earlier than hitherto by patrolling and confirming by municipality 
the place detected with this method.
　　There were few reports about satellite remote sensing on industrial waste illegal dumping 
site inside and outside our country hitherto. However, these have begun to attract attention 
by result of this research. This early detection method is pioneered, and contributes to the 
environmental administration and waste management greatly. Early detection of industrial 
waste illegal dumping sites can be expected to not only suppressing damage to environment by 
preventing from enlargement of the site, but also suppressing illegal dumping in the future.
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